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SELBCSXVB BETENTZON OT FILLING COMFOiaEZITS 
JtMD. 'IMPROVED COHTBOL OF SHEET BBOESRTIES 
B7 WBJUSICIKG KODZTVrS PRETBB21IUENT 

FIELD OF IMVEMTIOW 

The present invention is in the technical field of 
paper making and more particularly in the technical field 
of wet-end additives to paper making furnish. 

Baekggoqnd, of the Invention 
In the manufacture of paper, an aqueous cellulosic 
suspension containing cellulose fiber and selected 
mineral pigments is formed into a paper sheet. The 
cellulosic slurry is generally diluted to a consistency 
(percent dry weight of solids in the slurry) of less than 
1 %, and often below 0.5 % ahead of the paper machine. 
Associated with papermaking slurries, called furnishes, 
is a large variation in the size and shape of the 
particles present. These particles may range in size 
from less than one micrometer for many mineral pigments 
or fillers, up to several millimeters in their largest 
dimension for fibers. The initial dewatering of a paper 
furnish typically takes place by the ejection of the 
cellulosic furnish onto or between filter fabric (s)> 
called the wire. The openings in these wires are 
typically on the order of 200 mesh, which corresponds to 
a hole size capable of passing particles with a diameter 
of 76 micrometers. If no forces of attraction exist 
between particles, the mineral pigments would very easily 
pass through the wire and would not be retained in the 
sheet, compromising the benefits for which the mineral 
pigments were added. Thus, under normal papermaking 
circumstances, many components of the furnish that are 
small enough to pass through the openings in the wire 
will require modification if they are to remain in the 
sheet . 
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AS the . fibers form a mat on the wire, they generate 
their own filter medium and many of the smaller particles 
in the furnish may be trapped by simple filtration in the 
fiber mat, particularly if the sheet is thick, i.e. h.gh 
basis weight. However, even if the basis weight .s h.gh, 
a significant fraction of the small particulate material 
n.ay not be adequately retained. When basis weights are 
low or machine turbulence prevents mat formation, the 
filtration mechanism of small particle retention xs 
severely inadequate. Under papermaking circumstances 
when the filtration mechanism is inadequate, chemical 
treatments generally called retention aids are required 
to modify the interparticle interactions thereby 
resulting in coagulation and/or flocculation of the 

''"''Rtrention of small particulate components leads to 
numerous benefits for the papermaker. Mineral fillers 
like clay and calcium carbonate are often less expensive 
\Z fibers, and substitution of such 
provides a way for the papermaker to reduce the raw 
Lterial costs. Retention of fillers and fiber .nes s 
also necessary to achieve the sheet propert.es needed 
a given end use. Such properties might include sheet 
opLity, brightness, and appropriate ink interactions 
Because the small particles have large surface areas for 
a given mass, significant amounts of additives such as 
dyes or sizing agents can be attached to them mak.ng 
retention of the fines necessary for effective 
utilization of such additives. 

Filler particles and fiber fines which are not 
retained initially, or in the so called first pass are 
to a large extent recycled via the white water system 
back into the furnish, increasing the fraction of small 
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13 Often unsatisfactory for several reasons. Some 
important and expensive materials lose their 

1 • In the white water system, 
effectiveness upon recycling in the wni 

and their retention in the first pass is — 
performance or sheet properties. Exa^ es of such 
Lterials are titanium dioxide and alkaline sizrn, ^ 
r,e„ts. Although the total amount of fines in the sheet 
.e increased in .His- way. their distribution in the 
Tneet will tend to be very uneven frequently resulting 
rwo-sided phenomena of the paper. In addition, the 

leltration of unrefined materials in e papermachrne' s 
Tit water syst^ can contribute to deposit problems and 
related runnability problems which result in lost or 
slowed production and poor product .^ality. 
problems are remedied by using effective """"^ J^^^' 
resulting in a cleaner machine with improved — 
Le efficient use of fiber and filler raw materials, end 
less waste to the mill's waste treatment facility. 

Typical retention aids include polymeric coagulants. 
Which are cationic solution polymers of " 
molecular -eight <lo'-lo' g/mole, . Because these are 
polymers with high cationic charge '^"'.^^ 
activity in retention applications is believed to derive 
from their interactions with negatively 

papermalcing components. Because of the shear sensitivity 
and relatively small floe sizes often 
pclymeric coagulants, they are seldom used alone as 
retention aids, but are used in conjunction with a 
flocculant as a dual polymer program. In this way, the 
"agulant is thought to provide an initial -.lo--- 
Z particles which can be more effectively flocculated. 

Similarly, hydrolyrable aluminum salts are used 
extensively as coagulants in papermaUng. Because of 
acid generated by the aluminum hydrolysis , the pH 
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n^chines using alum is depres's^d, and the process is 
ref erred to as "aoid paper^Un," . The aluminum spec.es 
possessing the greatest coagulating ability are for-r^d in 
the PH range of 4 to 6. Polyalu^num chlorrdes are also 
effective coagulants. Being partially neutralrred. they 
do not depress the pH to the extent that alum does and 
are generally more applicable over a wider pH range. 

Flocculatton describes a number of possible 
strategies which result in agglomeration o£ small 
particles. Different degrees of flocculation are 
Teguired at each stage of operation in pulp and paper 
^fls. « the forming wire on the paper machine paper 
IS formed by the rapid dewaterin, of the furnrsh. 
: tLion aids operate by flocculating — 
V, i-h*» slurry is consolidated as tne 

rt-F the slurry before the siuriy 

sLet in the consecutive dewaterin. sta.es. A Proper 
level of flocculation is necessary to prov.de the 
,-pauired retention and drainage rate. 

' in a Single polymer program, a flocculant typically 
s cationic polymer, is the only material added. The 
flocculant is added t. the thin stock after the 
cellulosic and filling streams have been mrxed. Another 
IttL Of improving the flocculation of ------- 

mineral fillers and other furnish components on the 

is the dual Pdymer program, also referred to as a 
:::g:iant/flccculant system, added ahead of the paper 
machine. In such a system there is first added a 

gulant. for instance a low molecular weight synthetic 
cationic polymer or cationic starch, to '"e furn.sh 
typically after mixing of the cellulosic and fill ng 
sLams. for initial agglomeration of such partrcles, ^ 
fc lowe; by the addition of a flocculant. The flocculant 
generally is a high molecular weight ^^nthetrc pol^er-^ 
The presence of these large agglomerates in the furnish 



wo 00/49227 



PCT/US99/12020 



as the fiber mat of the paper sheet is being formed 
increases retention. The agglomerates are filtered out 
of the water onto the fiber mat, whereas unagglomerated 
particles would to a great extent pass through. 

in systems containing high concentrations of anxonxc 
polymeric/pligomeric substances, the performance of 
cationic polymers is often detrimentally affected. These 
anionic substances may be of inorganic or organic or.gxn. 
Silicates used as hydrogen peroxide stabilizers in 
pulping, bleaching, and de-inking processes and specxes 
extracted from the wood like polygalacturonic acxds and 
lignin derivatives are the most typical examples of 
components of anionic detrimental substances, also called 
^^anLic trash". Nonionic polymers are affected by these 
substances to a much lower degree than cationic polymers. 

An example of a nonionic polymer system is the 
polyethylene oxide (PEG) and cof actor program. Thxs 
system is often an effective retention aid for newsprint 
and other mechanical pulp furnishes. Known cof actors 
include kraft lignin, sulfonated kraft lignin, 
naphthalene sulfonate, tannin extract, and phenol- 
formaldehyde resins. A recent EPO patent application 
(Echt, EPO Application No. 621 369 Al, 1995), discloses 
using poly(p-vinyl phenol) as a cofactor. Moreover 
phenol sulphone formaldehyde resins are described in 
95/21295 to improve retention. However, these resins are 
added after a cationic polymer is incorporated into the 
celiulosic suspension. 

Another approach using nonionic polymers in tandem 
with a cofactor include that of Huinig Xiao and R. 
Pelton. Xiao reported synthesis of a copolymer of 
acrylamide and poly (ethylene-glycol) methacrylate This 
copolymer contains pendant PEG chains which, as claimed 
Jxiao and Pelton, are able to interact with resole-type 
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>,.nolic re»in to form the three dimensional strurtures 
phenolrc resr p„£„^„ce es a retention 

::Uiai e«ect from ^^^^^ —".ere. 
flocculation performance of polyacryia 

. -nformation is summarized in WO 94/17243 
'"iJa ion Tnexpected^ a synergism was found .e.ween 

Tnenli formaidenvde resin ^^J;^ J--^^^^^^^^^ 
conditions. The strategy xs discussed 

NO. EP 0 773 319 Al. filler 
There is growing interest in increasing the filler 

. t of paper, due to both raw material costs and 
content of paper, ^ ^^^^ ^^^.^.^^ 

energy savings, as fxlled pap ^^^^ 
H «re easier to dewater than unfilled papers. 

the term fillers includes calcium carbonates, 
herein, the term ri titanium dioxide, gypsum, 

r.^^^, in various forms, talc, titaniui 

clay in var ^nicas, and plastic pigments 

ai— -^ill .eet properties can he 

:rnc:: :; ™e. .iier ioaain. snoh as opacit. 

Chemically modified their filler particles hy 
attachin^/associatin, --.ic PoX-. = 

ToirreTdred -io- polymers to the 
chemical ^ ^^i, Induce filler 

filler slurries 3i„,„ beln, mixed 

preagglomeration prror to the frl ^ ^^^,„„ 

.as been drsclosed - ,,,,,3h 
U.S. patent Nos. 4,295,933 ana 
Patent No. 2,001,088. 
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Modified filler fomation b^ treating a filler first 
with an aqueous colloidal dispersion of cationlo 
rela»lne-for.aldehyde resin followed by treatment with 
Tqueous Vinyl alcohol polymer solution is -"cribed in 
Ts Patent No. 4,495,245. Surface treatment of =at.on.c 
jluers «ith a dispersing agent which is a cationxc 
polyelectrolyte to render the particles c"io-xc rs 
described in U.S. Patent «o. 5,244,542. Enhanced 

■ , obtained by flocculating beforehand a 
retention rs obtained Dy 

^neral filler and a binder (such as ^ starch or 
svnthetic polymer) prior to incorporatxon xnto a f.ber 
synthetxc p ym j,^.. 4,943,349. In these ways, 

suspension in U.S. Patent N , ^^^^ 
increases in filler retention in the final p 

been observed. 

0 s. patent No. 4, 913, 715 .provides a general 

overvilw of .ode, of addition of t--";/;;^;;" 
the production of paper and paper board. FI "735 
drscribes a process in which retention is rr^roved by the 
addition of a cationic polymer and an anionic component 
whtch ly be pr,-mi«d., however, that reference states 
Tat s-h an addition procedure does not yield optrmum 
ults 0 S. Patent No. 4,388,150 describes starch 
r ouoidai-silicic acid which may be pre-mi.ed and 
then added to stoC. This reference also states that 
such a procedure does not provide maximized results 

US. patent Ho. 5,670.021 describes a process for 
paperLung wherein a mixture of an ^1--;-- ^ " ' 
phenolformaldehyde resin optionally are added to the 
filler before addition to the cellulosrc slurry. The 
lystel is then treated with PEC as the f locculant, to 
improve retention, drainage and formation in the 

papermaking process. , . „,,r, have 

The use of nonionic programs involving PEO have 
several quite significant liabilities. The high 
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„.olecular weight PEO used for wet end applications 
typically a dry polymer which requires an extremely 
costly and tedious makedown system. If the PEO is not 
properly prepared the performance of the polymer 
dramatically suffers not to mention the potential or 
detrimentally impacting runnability due to particulate 
residuals in the polymer feed. PEO is known to be 
chemically sensitive to residual oxidizers and some metal 
ions which are commonly present on the wet end of 
papermachines. This molecular weight degradation can 
result in sporatic, unstable , performance. The 
performance of the PEO containing programs are known to 
L very shear sensitive. This sensitivity potentially 
hinders performance on shear intensive large modern 
papermachines. Finally, because of the raw materials and 
processing involved, PEO is quite expensive relative to 
many other water-soluble polymers. 

present, invention departs dramatically from any 
previous disclosures of improved filler retention based 
on the chemical pretreatment of filler particles As^ 
defined herein the term filler components includes but 
is not limited to conventional fillers as described 
above, and is meant to encompass small filling and 
property-modifying solids. The present invention 
describes the novel application of a dual polymer program 
for the process of papermaking wherein the flocculant iS 
composed of monomers from a select group, furthermore 
this novel application allows the papermaker selective 
retention of filling materials relative to other 
components present in the papermaking slurry. This 
application strategy does not necessarily need to yield 
an improvement in overall retention to offer the benefits 
of improved runnability and sheet properties. This 
application is designed to preferentially retain certain 
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characteristic fractions of the furnish, in this case 
fillers. These fillers can be retained preferentially 
over cellulosic materials or in some cases preferentially 
with respect to brightness degrading ink particles. 

The present invention departs dramatically from 
previous disclosures of improved filler retention based 
on the chemical pretreatment of filler particles. This 
disclosure teaches an improvement to papermaking by 
pretreating filling materials as opposed to the 
conventional method of pref locculation of filling 
materials. Specifically, this invention teaches the use 
of phenolic additives (enhancers) to pretreat fillers 
prior to introduction of the filler stream into the 
cellulosic papermaking slurry for improved retention of 
filling components and runnability. This addition can 
occur, with or without a pH adjustment using common 
hydrogen atom donors such as dilute mineral acxds 
although the resulting performance is often significantly 
increased for the flocculants disclosed in this invention 
if the pH of the filling slurry is adjusted to about 5. 
in addition, this invention teaches the ability to 
maintain the observed benefits even in the presence of 
high levels of anionic detrimental substances. 

in the first step of this invention, a phenolxc 
enhancer material is added to the filling components of 
choice before the filler slurry is mixed with the fiber 
slurry, with the phenolic enhancer material either being 
mixed with the filler slurry, stored for a given amount 
of time, and fed separately as a product, or with the 
phenolic enhancer material being mixed with the filler 
slurry on-site at a paper mill just prior to adding the 
filler slurry to the fiber slurry. This addition can 
occur with or without a pH adjustment using common 
hydrogen atom donors such as dilute mineral acids. In a 
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subsequent Step in this invention, a flocculant is added 
to the furnish that contains the pretreated filler stream 
resulting in a significantly selective increase in 
retention of filler relative to other low brightness 
particles in the final sheet of paper produced. This 
interaction also leads to improvement in retention, 
drainage, formation and in general runnability of the 
papermaking process. Thus, this invention teaches a new 
application that offers improved levels of retention, 
formation, uniform porosity, and overall dewatering as 
well as selective retention of filling solids relative to 
other particulate materials in the system. 

g,,nm.airY of Invention 
A method for increasing retention and drainage of 
filling components in a paper making furnish in a paper 
making process comprising the steps of: making a slurry 
of filling components, treating the slurry with from 
about 0.003% to about 2.0% by weight based on solids of a 
phenolic enhancer to form a pretreated filling components 
slurry, and adding from about 0.003 to about 0.5% by 
weight based on total solids in the slurry of a polymeric 
flocculant either before or after the filling material xs 
introduced into the furnish, , whereby retention and 
drainage of filling components in the paper making 
furnish is increased. A preferred enhancer is a 
condensate of phenol and formaldehyde and preferred 
flocculants are homopolymers or copolymers of acrylamide . 

The methods provide important benefits in many 
papermaking applications, in which desirable filling 
components are retained in the final sheet, while 
undesirable components, such as ink and dye particles 
present in a papermaking furnish, are not retained. 

Daacription of the I nvention 
One aspect of this invention is a method for 
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increasing retention and drainage of filling components 
in a paper making furnish in a paper making process 
comprising the steps of: 

a) making a slurry of filling components; 

b) treating said slurry with from about 0.003 to 
about 2.0 % by weight based on total solids of a 
phenolic enhancer to form a pretreated filling 
components slurry; 

c) adding to said furnish said pretreated slurry 
of step b) ; and then, 

d) adding to said furnish from about 0.003 to 
about 0.5 % by weight based on total solids in the 
slurry of a polymeric flocculant, 

whereby retention and drainage of said filling components 
in said paper making furnish is increased. 

Yet another aspect of this invention is a method 
for increasing retention and drainage of filling 
components in a paper making furnish in a paper making 
process comprising the steps of: 

a) making a slurry of filling components; 

b) treating said slurry with from about 0.003 to 
about 2.0 % by weight based on total solids of a 
phenolic enhancer to form a pretreated filling components 

slurry; 

c) adding to said furnish from about 0.003 to 
about 0.5 % by weight based on total solids in the slurry 
of a polymeric flocculant and then, 

d) adding to said furnish said pretreated slurry 

of step b) ; 

whereby retention and drainage of said filling components 
in said paper making furnish is increased. 

The following descriptive paragraphs apply to any 
aspect of the invention described above. Filling 
components may be selected from the group consisting of: 
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w ^v^e rlav silica, titanium dioxide, 
calcium carbonates, clay, sixi^ci, 

^g«,ium oxide. gyp=u„. talc, hydrated al»mir.un. o..de 
J^esi» silicat, and fixture, thereof. The phenol c 
enhancer be selected fro. the group 
phenoX-f.r.»ldehyde resins, tannin extract, naphtho 

for^ldehvde condensates P-^^--^/^ /„ l^rlais 

well as substituted versions of these enhan 

Ihere the . substituted functionality includes but rs not 

lirted to .Oieties such as carboxylates, sulfonates, and 

thosphonates, and ^xtures thereof. Tannin extracts as 

utilized herein refers to naturally occurring 

utilize present in the organic 

polyphenollc substances that are prese 

extracts of bark of some wood species. 

pH conditions of step a, ma, be fro. about to 
,bout S, though preferably ^l-^-J-^r:::^ 
r:VrJ.r.ardl^"talTolids m the furnish of 
the phenolic enhancer may be added in step b) . 
p/eferahly, fro. about 0.02 to about 0.5 % by we.ght 
Tasedon total solids in the furnish of the phenol.c 
enhancer may be added in step b) . 

The papermaking furnish may be selected from, 
not limited to, the group consisting of fine paper, 
board, and newsprint paper making furnishes. 

The flocculant may be a nonionic, anxonxc, or 
cationic polymer. Moreover, the flocculant may have a 
cationic p ym 500,000. Preferably, 

molecular weight of at ieast 

"he flocculant has a molecular weight of at least about 
1 000,000. Most preferably, the flocculant has a 
.Llecular weight of at least about ^-O""--"- ^ 

of the methods may further comprise adding 
cationic coagulant to said furnish at 

preferably from about 0.001 to about 1 % by weight based 
on total solids in the slurry; or the addition of a 
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process aid selected from a group consisting of but not 
limited to: bentonite, talc, silica, cationic starch and 

mixtures thereof. 

The present invention demonstrates improved 
retention of filling components, such as clay, silica, 
titanium dioxide, magnesium oxide, ground calcium 
carbonate, pulverized calcium carbonate, inorganic 
pigments, organic pigments, or any other such small 
filling and property modifying solids that has been 
pretreated with a synthetic or natural polymer 
containing, for example, phenolic or naphtholic groups as 
well as sulphonated phenolic or naphtholic groups, known 
as enhancers, phenolic material can significantly improve 
filler retention in conjunction with selected 
flocculants. The term flocculant used herein includes, 
but is not limited to, acrylamide homopolymers, 
copolymers, and terpolymers, methacrylamide homopolymers, 
copolymers, and terpolymers as well as «-vinylamide 
homopolymers, copolymers, and terpolymers. 

This invention is a method for increasing the 
retention and drainage of filling components of a paper 
making furnish in a paper making system which comprxses 
the steps of adding to a slurry of filling components 
from about 0.003 to about 2.0 % (as actives) of a 
phenolic enhancer material by weight based on total 
solids in the furnish, the addition of phenolic enhancer 
material to the slurry of filling components exther 
occurring on-site at a paper mill or in a previous 
location for the purpose of creating as a product a 
filling component. A flocculant is added to the furnxsh 
containing said pretreated filling components in the 
amount of from about 0.001 to about 0.5 % (as flocculant 
actives) by weight based on total solids in the fxnal 
furnish. 
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It is not necessary that all filler to be introduced 
into the papermaking slurry be pretreated. A portion of 
the filler can be pretreated with the enhancer material, 
then mixed with the untreated filler prior to being 
introduced into the cellulosic material containing 
slurry. Furthermore, the pretreated filler stream could 
be split and partially added at different locations in 
the papermaking process. Specifically, a portion of the 
pretreated filling material can be added either before or 
after the flocculant is introduced. A portion of the 
pretreated filling material can be added before or after 
high shear zones such as fan pumps and pressure screens. 

The dosage of the phenolic enhancer material is 
preferably from about 0.003 to about 2.0 % by weight 
based on total solids in the slurry, more preferably from 
about 0.007 to about 1.0 % and most preferably from about 

0.02 to about 0.5 %. 

Typically, the pretreatment of the filler material 
with the enhancer will include a dwell time of seconds 
and a reasonable mixing such as that associated with an 
in line dilution or static mixer. It is important to 
note that both the time of contact between enhancer and 
filler and the mixing intensity are variable. A pH 
adjustment step during the pretreatment often improves 
performance. The necessity of this adjustment will be 
dictated by the observed performance. If the adjustment 
is necessary, to the most beneficial pH of about 5, this 
is accomplished by using a dilute solution of a proton 
donor such as a mineral acid. 

The flocculants used in the application of this 
invention are generally selected from, however, not 
limited to, the following three classes: nonionic, 
anionic and cationic. The nonionic flocculants in these 
examples are homopolymers or copolymers or terpolymers 
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and so on of nonionic monomers. The preferred nonionxc 
monomers are acrylamide or methacrylamide or N- 
vinylformamide and preferred nonionic flocculants are 
poly (acrylamide) and poly (methacrylamide) and poly(N- 
vinylformamide) , respectively. 

The dosage of nonionic flocculants of acrylamide, 
methacrylamide and/or N-vinylamide polymeric flocculant 
is preferably from about. 0.001 to about 0.5 % (as 
actives) by weight based on total solids in the slurry, 
more preferably from about 0.003 to about 0.2 % and most 
preferably from about 0.007 to about 0.1 %. 

The nonionic flocculants useful in the practicing of 
this invention can be formed from at least one of the 
monomers chosen from the group consisting of acrylamide, 
methacrylamide, N-tertiary butyl acrylamide, N- 
vinylformamide, N-vinylpyrrolidone, N-vinylpiperidone, 
N-vinylcaprolactam, N-vinyl-3-methylpyrrolidone, N-vxnyl- 
5-methylpyrrolidone, N-vinyl-5-phenylpyrrolidone, N- 
vinyl-2-oxazolidone, N-vinylimidazole, vinylacetate, 
maleimide, and N-vinylmorpholinone among others. The 
monomers thus described may be polymerized to form 
homopolymers. When polymerized in combination, 
copolymers or terpolymers may result. 

A cationic or an anionic acrylamide or N-vinylamade 
copolymer or terpolymer flocculant may be used in place 
of the nonionic acrylamide or N-vinylamide polymer 
flocculant. In some cases, such as when an anionic 
acrylamide or N-vinylamide copolymer or terpolymer 
flocculant is used, a cationic coagulant must be added to 
the slurry before the flocculant is added. The dosage of 
coagulant is preferably from about 0.001 to about 1 % by 
weight based on total solids in' the slurry, more 
preferably from about 0.01 to about 0.5 % and most 
preferably from about 0.02 to about 0.25 %. 



PCT/US99/12020 

WO 00/49227 

By th. term of cationic'flocculant, it is understood 
to include any water-soluble copolymer o£ 
,„eth„cryla^de which carries or is capable o carr x 
the cationlc charge when dissolved In water, whether or 
not this Charge-carrying capacity is dependent upon pH 
The cationic copolymers of ,meth,acrylamide rnclude the 
Toucwing examples which are not meant to 

this invention: copolymers of (meth) acrylamde w.th 

dlmethylaminoethyl methacrylate (DMHM) , 

d^ethylaminoethyl acrylate ,0H»., . 

acrylate (DEAEA) , diethylaminoethyl methacrylate DEMM) 
or their quaternary a™.onlum forms made with drmethyl 

-""^ r::r dXiry^rrr^^^^^^^^^^^ 

Tor r tiliryldiLtlyla^hium chl.^^^^^^ 
methacrylamldopropyltrimethylammonium chlorrde IM^PTAC, 

and allyl amine (MA)- 

By the term of cationic flocculant, it iS also 
understood to include any water-soluble copolymer of «- 
,i„ylformamide or related monomers which carrres or is 
capable of carrying the cationic charge when drssolved rn 
whether or not this charge-carrying capacrty is 

The cationic copolymers or 
dependent upon pH. The cation t- 

,meth)acrylamide include the following examples whrch are 
Tt mlant to be limiting on this invention-, copolymers of 
Zth.acryiamide with 

„ . dimethylaminoethyl J^^^,^^,,,, 

-rwiL dimethyl ^^^^^ ^ :::^:::^zx:^ 

reaction modified polyacrylamxdes, diallyicy 
hydrochloride (DACHA HCl) , diallyldimethylaxnmonium 
chloride (DAOMAC) , .ethacrylamidopropyltrimethyla«.on.um 
chloride (MAPTAC) and allyl amine (ALA) . 
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The high molecular weight anionic polymers are 
preferably water-soluble vinyl copolymers of 
(.eth)acrylamide with following monomers: acrylxc acxd, 
Tacr lan^I-2-thylpropane sulfonate (AMPS) and mixture 
thereof. The anionic high molecular weight flocculants 
„.ay also be either hydrolyzed acrylamide polymers or 
.ooolymers of acrylamide or its homologues, such as 
copolymers y _ .^^vlic acid or its homologues, such 

methacrylamide, with acrylic acia 

as methacrylic acid, or with monomers, such as -1-^- 
acid itaconic acid, vinyl sulfonic acid, ^PS, or other 
sulfonate containing monomers. The anionic polymers .ay 

sulfonate or phosphonate containing polymers wh.ch 
have been synthesized by modifying acrylamide polymers 

I a way as to obtain sulfonate or phosphonate 
such a way as to " preferred 
substitutions, or mixtures thereof. The most p 
high molecular weight anionic flocculants -e acryl- 
acid/acrylamide copolymers, and sulfonate containing 

V, ;,s 2-acrvlamide-2-methylpropane 
polymers such as 2 acryla acrylamide methane 

sulf onate/acrylamide copolymer (AMPS) , aery 
• ifonate acrylamide (AMS) , acrylamide ethane 

oropane sulfonate/acrylamide IHRPSI . 

The high molecular weight anionic polymers are 
preferably water-soluble vinyl copolymers o£ N- 
: nylformLi<.e or. related monomers with '-e .ollow.ng 

Vomers: acrylic acid, ^--'l^-^;-%:ZZZZ,, 
sulfonate (AMPS) and mixture thereof. 
molecular weight flocculants may also be either 
hydrolyzed acrylamide polymers or copolymers o£ 

vlamide or its homologues, such as methacrylamide, 
Tith ac y i= acid or its homologues. such as methacryl.c 
acid, o^with monomers, such as maleic acid, itacon.c 
acid Vinyl sulfonic acid. .«PS, or other sulfonate 
containing monomers. The anionic polymers may be 
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sulfonate cr phosphorate conralnin, polymers ""^^'' ''^''^ 
been synthesized by modifying acrylamide polymers rn such 
a way as to obtain sulfonate or phosphonate 
substitutions, or mixtures thereof. The most preferred 
high molecular weight anionic flocculants are acrylrc 
acid/acrylamlde copolymers, and sulfonate conta.nxng 
polymers such as 2-acrylamide-2-methylpropane 
sulllnate/acrylamide copolymer .^PSl. acrylamxdo methane 

sulfonate acrylamide (SMS), acrylamido ethane 

sulfonate/aorylamide (^ES, and 2-hydro.y-3-acrylam.de 

oropane sulfonate/acrylamide (HRPSl . 

It is preferred that nonionic. cationic and an.onrc 

flocculants ha,e a molecular weight of at least 500,000. 

. more preferred molecular ''^l^^^:^ ZZ.... 
1,000,000 with the best results observed »n 

llaht is greater than about 5,000,000. The anionic or 
ratfoni mlmer may constitute up to about eo mole * of 
the copolymer, with best results observed the range of 
about 0 to abbut 30 mole * of an anionic or a cat.onic 

charge. 

High molecular weight flocculants (anxonxc, 
nonionic, cationic) .ay be used in the solid form, as an 
.queous solution, as water-in-oil emulsion, or as 

disoersion in water. 

A detrimental substances controlling add.txve uch 
as bentonite, talc, cationic starch, cationic coagulant, 
or mixtures thereof may be added anywhere to the sy tern. 
The preferred addition point is the thick stock pulp 
..fore dilution with white water. This application 
results in increased cleanliness of the paper makrng 
operation which otherwise experiences "V^-P""^- 
deposition affecting both the productivity and the 

"""rgJirnris typlcauy a cationic polymer having a 
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low molecular weight of at least about 1,000 and less 
than about 500,000. More preferably, the molecular 
weights range from about 2,000 to about 200,000. 

Examples of polymers used as coagulants include 
copolymers formed from diallyldimethylammonium chlorxde 
and monomers selected from the group consisting of 
quaternized dimethylaminoethylacrylates, quaternized 
dimethylaminomethacrylates, vinyltrimethoxysilane, 
acrylamide, diallyldimethylaminoalkyl (meth) acrylate, 
ciiallyldimethylaminoalkyl(meth)acrylamide and -i^^"- 
thereof. In addition, polymers that can be used include 
polyethylene imi-nes, polyamines, polycyanodiamide 
formaldehydes, poly (diallyldimethylammonium chlor.de), 
poly (diallyldimethylaminoalkyl (meth) acrylates), 
poly (diallyldimethylaminoalkyl (meth) acrylamides , 
condensation polymers of dimethyl amine and 
epichlorohydrin as well as copolymers formed from 
acrylamide and/or 

diallyldimethylaminoalkyl (meth) acrylates and 
diallyldimethylaminoalkyl (meth) acrylamides, —sat.on 
polymers of arr^onia and ethylene dichloride or copol^ers 
fon^Id from acrylamide N,N-dimethyl piperaz.ne quaternary 

salt and acrylamide- 

Pol^eric coagulants applicable to this xnventxon 
^„ also include poly (.inyla»lnes) such as those forn«d 
from at least one monomer selected from the group 
consisting of amidine vinylformamide, '^"Vl alcohol, 
vinyl acetate, vinyl pyrrolidinone, polymerxzed ».th the 
esters, amides, nit.iles or salts of '"->»-'^^- 
^Additionally, the coagulant may be an i"-^-" "^""f^^ 
.uch as alum. In addition, this inventxon may be applied 

1 ^^^A from the qroup consisting 
to a paper mill slurry selected from gr P 
of fine paper, board, and newsprint paper mill slurries. 
The slurries include those that are wood-containing. 
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wood-free, virgin, recycled and mixtures thereof. The 
pre.sent process is believed applicable to all grades and 
types of paper products that contain the filling 
components described herein. 

The phenolic enhancer material is selected from a 
group consisting of phenol-formaldehyde resins, tannin 
extracts, naphthol-f ormaldehyde condensates, poly (para- 
vinyl phenol) , as well as substituted versions of these 
enhancer materials where the substituted functionality 
includes but is not limited to moieties such as 
carboxylates, sulfonates, and phosphonates, and mixtures 

thereof- , , , " . 

other additives may be charged to the cellulosxc 

slurry without any substantial interference with the 

activity of the flocculant/ phenolic enhancer material 

combination of the present invention. Such other 

additives include for instance sizing agents, such as 

alum and rosin, microparticles, pitch control agents, and 

biocides among others. 

The amount of any filling components used in the 
paper making process generally employed in a paper making 
stock is from about 5 to about 30 parts by weight of the 
filler per hundred parts by weight of dry pulp in the 
slurry, but the amount of such filling component may at 
times be as low as about 1 part by weight, and as high as 
about 50 parts by weight, on the same basis. 

TO determine the efficiency of the method described 
herein, the following Britt Jar experimental procedure 
was utilized. The Britt Jar test is an industry-approved 
laboratory evaluation of FPR and FPAR. First Pass 
Hetention (FPR) i. a measure of a degree of incorporation 
of total solids into the formed sheet. It is calculated 
from the consistency of the paper making slurry C, and 
consistency of white water resulting during the sheet 
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formation: 

FPR = ((C,-Cww)/C, ) X 100% 
Therefore, a higher FPR number indicates a more 
efficient treatment agent. 

First Pass Ash retention (FPAR) is a measure of the 
degree of . incorporation of filler into the formed sheet. 
It is calculated from the filler consistencies in the 
initial paper making slurry C„ and filler consistency of 
white water C.^ resulting during the sheet formation: 
FPAR = ( (Cfs-Cfww) /Cf3) X 100% 
Therefore, a more efficient treatment would be 
indicated by a higher FPAR number. 

The Britt Jar consists of a baffled container, an 
impeller, a screen through which drainage occurs 
(typically 200-70 mesh) and a valve. It is used to 
duplicate paper machine shear conditions. The experiment 
was performed by adding a sample of stock (furnish 
obtained from a midwestern paper mill) having a known 
consistency to the Britt Jar while the impeller is xn 
operation. The stock was then treated with diluted 
solutions of the treatment to be evaluated in a sequence 
which best reflected paper machine addition points. At 
the end of experiment, a sample of white water (effluent 
which passed through the filter of the Britt Jar) , 
typically 100 ml, was collected under dynamic condxt.ons . 
Dynamic conditions during the drainage were utilized to 
prevent mat formation. 

consistency of the stock used for the experiments 
was between 0.2 and 0.7 %. In this range retention 
values are found to be independent of stock consistency. 
Polymers used in all the experiments were diluted to 1 
for coagulants and phenolic enhancers, and 0.1 % for 
flocculants. The Britt Jar impeller was operated at 800 
revolutions per minute. 
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The Britt Jar test i=, used to duplicate paper 
nachine retention aimed at the effect of colloidal 

Tacto" - ^'^""'"^""^"^ T°^\ 

e attraction or repulsion forces rather than physrcal 
entrapment of fines and mechanical entanglement of 

"'"Ls measured retention values do not contain the 
factor related to filtration and represent true chemrcal 

retention component. ^ i-he 

ror each test, the additives were added xn the 

: e. machine, .ii sampies received the - 

...e under agitation, ^ ^L;!^^^^^ 

introduced ^\lj;-::::JrL^.. Ubove the screen) 
placing the stoc. 3equences 
and then subjecting the stock to 

as outlined: 

0 seconds - stock added 

^= - clav (pretreated or not) 
[:::Z. - enhancer added for experiments with 

no pretreatment 

15 seconds - flocculant added 

20 seconds - sample collected consistency 
consistency of white water C«. and ■ 
^o. c were then measured after drying and 
of white water Cfww were cne 

^^ir^nlate FPR and FPAR. 

he following examples are presented to ^-cribe 
.referred embodiments and utilities of the invention and 
::: ::: meant to Umlt the invention unless otherwise 
stated in the claims appended hereto. 

B«»nple 1 ^ gathered from experiments with 

Table I presents data garnet = 
• e>. The furnish was prepared using a 
■newsprint furnish. The rurnis 
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• thick stock thermomechanicaf pulp (TMP. sample from a 

Tl mill About 20% calcined Clay filler avarlable 
newsprint mrll. «> introduced 
from Engelhard corporation in Iselin, 
into the furnish. The consistency was adjusted 

°"'*"The effect of the addition of a phenolic enhancer 
«as evaluated both when introduced as a pretreatment to 
.h. filler prior to filler incorporation . into the 

tiL slurry and well a, not pretreated, in other 
papermakin, slurry .^n^ntionally applied. 

„ords , commercially available phenol 

The phenolic enhancer was 

formaldehyde resin of the J 

pretreatment all enhancer was added to J / 

.V filler being introduced into the cellulosic 
to the filler """^ ^^^^^^^ „b.„ 

oontalnlng P-'-;-;/^^^^^^^^^ „„J„.3 about 7. .or 
prepared in a slurry using P 3jj„3t„ent the pH 

the pretreatment studies involving a pH aa^ 

lowered to about pH 6 using a dilute solution of 

""^"^ "™e nonionic flocculant was a latex inverse 
^„i.ion homopolymer acrylamide ---/-'^J" _ 

and an »SV of 30.0 dl/g co.»erci lly avail 
«aico Chemical Company in Kaperville ... 
„occulant is 2kg/t of product. J 3„^^,„ 

phenolic enhancer, received as a 
Chemical Co. in Sheboygan, « «a, 2 kg/t of 
311 dosages based on total furnish ^'"■^"J- ^^^^ „ 

surprisingly, using a homopolymer of ^^'^^'lami 
the flocculant subseguent to filler pretreatment using 
Phenouc material improvements ^^^U ^^ 

:::::::: r rrt:rir:ri; :r:rgerated . this 
if the the finer ^^^z^, 

phenolic enhancer pretreatment. Retentxc 
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were performed using the previously described Britt jar 
procedure . 

TABLE I 

Effect of Pretreatment Mode of Application 
on calcined Clay Retention with a Nonionic Polyacrylamide 

as a Flocculant 



No pretreatment 


First Pass 
Retention 
77.9 


First Pass Ash 
Retention 
68.2 


Pretreatment 
Pretreatment with pH 
change 


83.1 
87 


75.5 
81.8 



Example 2 

Table II presents data gathered from experiments 
with newsprint furnish. The furnish was prepared using a 
thick stock TMP sample from a newsprint mill. About 20% 
Water washed Kaolin clay filler from Engelhard 
corporation in Iselin, NJ was introduced into the 
furnish. The consistency was adjusted to about 0.5%. 

The effect of the addition of a phenolic enhancer 
was evaluated both when introduced as a pretreatment to 
the filler prior to filler incorporation into the 
papermaking slurry and well as not pretreated, in other 
words introduced as fillers are conventionally applied. 
The phenolic enhancer was a commercially available phenol 
formaldehyde resin of the resole type. During the filler 
pretreatment all enhancer was added to the filler prior 
to the filler being introduced into the cellulosic 
containing papermaking slurry. The pH of the filler when 
prepared in a slurry using tap water was about 7 . For 
the pretreatment studies involving a pH adjustment the pH 
was lowered to about pH 6 using a dilute solution of 
mineral acid. 

The nonionic flocculant was a latex inverse emulsion 
homopolymer acrylamide having total solids of 27.2% and 
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an RSV of 30.0 dl/g comercially available from Nalco 
Chemical Company in Naperville, IL. The dosage of 
flocculant is 2kg/t of product. The dosage of the 
phenolic enhancer, received as a 41.5% solids from Borden 
Chemical Co. in Sheboygan, WI was 2 Icg/t of actives w.th 
all dosages based on total furnish solids. 

use of a homopolymer of acrylamide as the flocculant 
subsequent to filler pretreatment without pH adjustment 
of the filler prior to pretreatment displayed no 
improvement in retention. However, surprisingly the 
increase in retention is clear in this example if the pH 
of the filler is adjusted prior to phenolic enhancer 
pretreatment. Retention measurements were performed 
using the previously described Britt jar procedure. 

TABLE II 

Effect of Pretreatment Mode of Application on Water 
Washed Clay Retention 
with a Nonionic Polyacrylamide as a Flocculant 





First Pass 
Retention 


First Pass Ash 
Retention 


No pretreatment 
Pretreatment 


68.2 

67.6 


55 

5476 


Pretreatment with pH 
change 


73.1 


65-1 



Example 3 

Table III presents data gathered from experiments 
with newsprint furnish. The furnish was prepared using a 
thick stock TMP sample from a newsprint mill. About 20% 
of amorphous silica filler available from J.M. Huber in 
Havre de Grace, MD was introduced into the furnish. The 
consistency was adjusted to about 0.5%. 

The effect of the addition of a phenolic enhancer 
was evaluated when introduced as a pretreatment to the 
filler prior to filler incorporation into the papermaking 
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Slurry. The phenolic enhancer was a conunercially 
available phenol formaldehyde resin of the resole type. 
During the filler pretreatment all enhancer was added to 
the filler prior to the filler being Introduced into the 
cellulosic containing papermaking slurry. The pH of the 
filler when prepared in a slurry using tap water was 
about 7. The pH was lowered to about pH 6 using a dilute 
solution of mineral acid during the pretreatment process. 

The nonionic flocculant was a latex inverse emulsion 
homopolymer acrylamide having total solids of 27.2% and 
an RSV of 30.0 dl/g commercially available from Nalco 
Chemical Company in Naperville, IL. and the dosage of 
the phenolic enhancer is presented in the first column of 
Table III with all dosages based on total furnish solids. 

Ose of a homopolymer of acrylamide as the flocculant 
subsequent to filler pretreatment displayed significant 
increases in retention. Retention measurements were 
performed using the previously described Britt jar 
procedure . 

TABLE III 

Retention Improvement Using Enhancer Pretreatment 
AppUcaSon Sor Lorphous silica as Filler and a Nonxonxc 
Acrylamide as Flocculant 



Enhancer 
Pretreatment (kg/t) 



First Pass 
Retention 
(%) 



First Pass Ash 
Retention 

(%) 



64.5 
65.0 



38.7 
44.4 



0.6 



1.2 



67.7 



55.6 
61.4 



1.8 



72.5 



3.5 



76.4 



75.9 



Changes can be made in the composition, operation 
and arrangement of the method of the present invention 
described herein without departing from the concept and 
scope of the invention as defined in the following claims 
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1 A method for increasing retention and drainage 
of filling components in a paper making furnish in a 
paper making process comprising the steps of: 

a) making a slurry of filling components at a pH 

of from atJout 4 to about 8; 

treating said slurry with from about 0.003 to 

about 2.0 « by Wight based on total solids of a 

phenolic enhancer to form a pretreated filling 

components slurry; ^i„^r-w 
adding to said furnish said pretreated slurry 

of step b) ; and then, 

„ adding to said furnish fro. about 0 003 to 
lut 0.5 » by weight based on total solids in the 
,i„rry of a polymeric flocculant, said 
having a molecular weight of at least about 500.000 
■ ,nrt dtainaae of said filling components 
whereby retention and drainage o 
in said paper maHing furnish is increased. 

2 The method of claim 1 wherein said tilling 
components are selected from the group --^^^^'J'' 
calcium carbonates, clay, silica, titanium 0-°"<^^- 
^ ^^Tf. hvdrated aluminum oxide, 

magnesium oxide, gypsum, talc, hydrac 

-r- rrhorcftir: rrn-said .enouc 

enhancer is selected from the group consistin, of phenol- 
fcrmaldehyde resins, tannin extracts. "'^^^'^ 
formaldehyde condensates, poly.para-vinyl phenol, 

"""T TLthod Of Claim 1 Wherein from about 0.007 
„ about 1.0 % by weight based on total solids in the 
furnish Of the phenolic enhancer is added in step b . 

5 The method of claim 1 wherein from about 0.02 
„ about 0.5 % by weight based on total solids in the 
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. ,,h of the phenolic enhancer 1= edded in step b) . 
'""t The Jthod o. clai„ 1 -herein the paper «.in, 
furnish is selected £r» the group consisting of f.ne 
" board and newsprint paper ..aUng furnxshes. 

■ It method of clai. 1 Wherein said flocculant 

" 'T°Z ::tC';. clai» l -herem said flocculant 
a nonionic polv^er .or„ed fro. the polv^.-at.on of 
„ono.ers selected .ro. the ^ ^^^L^.^^ide, 

• »-vinVlpiP"iacne. 
H.,.nylfor^^de^ ".rX:- 3-.eth,lpyrrolidone, »-vinyl- 
H-vinylcaprolact», » ,,„,p,„„udone. «- 

S-.ethylpyrroUdone l^J,,,^^...., vinylacetate, 
,inyl-2-oxazolrdone, B y ^^i„,tion5 thereof. 

„,leimide. «-,inyl«.rpholrnone and c ,,<,„,i,„t 
9. The method of claim 1 wherein said 

is a cationic polymer. ,„rther 
10 The method according to claim 1, further 

-r :rr-rr. r.rrr 

a dosage of from about O.uui 

.ased on total solids in -^^J^;"/^;^^^^ ,ne 
11 The method of claim 1, turT:n 

, nrocess aid selected from a group 
o:;rntonite. ta.. smca, catiomc starch 

.„d ,„„,3ing retention and drainage 

Of filling components in a paper making furnish in 
paper making process comprising the steps of: 

a, making a slurry of filling components at a PH 

of from about 4 to about 8,- , ^ n 003 to 

treating said slurry with from " 
lut 2.0 % by weight based on total solid of 
phenolic enhancer to form a pretreated filling 

components slurry; 
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c) adding to said furnish from about 0.003 to 
about 0.5 % by weight based on total solids in the 
slurry of a polymeric flocculant, said flocculant 
having a molecular weight of at least about 500,000 
and then, 

d) adding to said furnish said pretreated slurry 

Whereby iTtentL and drainage of said filling components 
in said paper making furnish is increased. 

13 The method of claim 12 wherein said filling 
components are selected from the group consisting of: 
calcium carbonates, clay, silica, titanium dioxxde, 
magnesium oxide, gypsum, talc, hydrated aluminum ox.de, 
magnesium silicate and mixtures thereof. 

14 The method of claim 12 wherein said phenolxc 

enhanced is selected from the group consisting of phenol- 
formaldehyde resins, tannin extracts, naphthol- 
formaldehyde condensates, poly (para-vinyl phenol) and 

mixtures thereof. ,v,«„t- n 007 

15 The method of claim 12 wherexn from about 0.007 

to about 1.0 % by weight based on total solids in the 
furnish of the phenolic enhancer is added in step b 

16 The method of claim 12 wherexn from about 0.02 
to about 0.5 % by weight based on total solids in the 
furnish of the phenolic enhancer is added in step b )^ 

17 The method of claim 12 wherein the paper makxng 
furnish is selected from the group consisting of fxne 
paper, board, and newsprint paper making furnishes. 

18. The method of claim 12 wherein said flocculant 

is an anionic polymer. 

19 The method of claim 12 -herein =aid flocculant 
is a nonionic polymer formed from the polymerization of 
monomers selected from the group consisting of: 
acrylamide, methacrylamide, «-tertiary butyl acrylamide. 
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H-vinyl£orman>ide, N-vinylpyrrolidone, N-vinylpiperidone, 
N-vinylcaprolactam, N-vinyl-3-methylpyrrolidone, N-vxnyl- 
5-methylpyrrolidone, N-vinyl-5-phenylpyrrolidone, N- 
vinyl-2-oxazolidone, N-vinylimidazole, vinylacetate, 

20. The method of claim 12 wherein saxd flocculant 

is a cationic polymer. 

21 The method according to claim 12, further 
comprising adding a cationic coagulant to said furnish at 
a dosage of from about 0.001 to about 1 % by wexght 
based on total solids in the slurry. 

22 The method of claim 12, further comprxs.ng the 
addition of a process aid selected from the group 
consisting of. bentonite, talc, silica, catxonxc starch 
and mixtures thereof- 
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